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BACKGRCOUND

The U. S. Arny Corps of Engineers, Jacksonville District, is
continuing its interest in expandi ng hydrocycl one technol ogy and
associ ated i n-house capabilities in its navigation and beach
nouri shnment mssions. Initial hydrocyclone efforts included a
fact finding workshop during January 1994 bringi ng together
representatives fromthe navigation dredging industry (Bean
Dredgi ng and Great Lakes Dredge and Dock), the hydrocycl one
i ndustry (Met-Pro and Krebs), the U S. Arny Corps of ENngineers
(representatives fromthe Jacksonville District, Wterways
Experiment Station, Coastal Engineering Research Center, and Los
Angel es District) and the State (Bureau of Beaches and Coast al
Systens, Florida Departnent of Environnental Protection, FDEP,
formerly Division of Beaches & Shores, Florida Departnent of
Nat ural Resources).

Findings at this workshop resulted in a conceptual plan
usi ng hydrocycl one technol ogy and processing for separating
beach quality sand material fromsilt material for future
mai nt enance dredgi ng operations at Canaveral Harbor (Heibel,

G anat, and Wl ff, 1994, and Heibel, Ganat, and Wl ff 1995).

An unanswered i ssue was the disposition of the resulting fine-
grained slurry overflow. Further devel opnent and inplenentation
of this conceptual plan was not pursued since it was not the

| east cost disposal option and the sponsor was not interested in
payi ng the added cost.

During April 1997, a cl osed-|oop, |aboratory, bench-top
study was conducted at Met-Pro Supply, Inc. (Bartow, Florida),
using a six-inch maxi nrum density separator (MDS) hydrocycl one
and five contam nated M am River sedinent sanples. Follow on
flocculation testing was al so undertaken at that tinme at the
University of Florida. The paper by Ganat (1998) sunmari zes
that work and provides a detailed explanation of the MS
oper ati on.
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HYDROCYCLONE/ MAXI MUM DENSI TY SEPARATOR OPERATI ON

A hydrocylone is a rather sinple, highly energy efficient

sizing device with no noving internal parts. It has been used
for the past fifty or so years in the mneral processing and
mning industry. It uses centrifugal forces to separate coarse-
and fine-grained material in a water-solids slurry. Recent
advancenents in this technology, i.e., keeping the slurry under

negative pressure, creating a MDS, have expanded processing
capabilities by providing a neans of achieving a constant
percent solids underflow instead of the traditional constant
vol ume normal Iy produced.

Figure 1 illustrates a typical MDS. 1In operation, a slurry
m xture is introduced into the MDS slurry feed chanber under
pressure. The tangential force causes the slurry to rotate at a
hi gh angul ar velocity, forcing coarser heavy particles to the
side walls where they continue dowmmward with increasing velocity
to the bottomof the cone section of the hydrocyclone. This
material then exits through the apex as a denser, higher percent
solids material called the underflow. The cyclonic flowin the
hydrocycl one creates a centrally |ocated | ow pressure vortex
where the lighter, |ower density, finer-grained sedi nents and
water flows upward and exits the top of the hydrocyl one through
the vortex finder. This finer-grained, reduced percent solids
slurry is called the overflow. The paper by G anat (1998)
descri bes the hydrocycl one and MDS nodifications in nore detail.

FT. MYERS DEMONSTRATI ON PRQIECT

The present report docunments and summari zes the District’s
nost recent work in the MDS eval uati on process, a denonstration
proj ect conducted on site at Ft. Myers Beach, Florida, utilizing
the cl osed-| oop six-inch MDS cycl one and a production 12-inch
MDS hydrocycl one fed by a slurry punp sinmulating an act ual
dredgi ng operation. The primary purpose of this denonstration
project was to first denonstrate the quality (visual color) of
the Ft. Mers derived sand underflow material (closed | oop six-
inch MDS) and then to exanmine the resulting grain-size
di stribution of the sand underflow fromthe slurry-punp-fed 12-
i nch MDS hydrocyclone. Results fromthese tests were successful
and provi de supporting docunentation for a permt request to
undertake actual production operation at the Ft. Mers
mai nt enance dredgi ng project using a 14-inch hydraulic pipeline
dredging plant to feed a bank of 24-inch MDS hydrocycl ones.
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Two scopes of work were devel oped for this denonstration
project, one for the actual MDS operation testing denonstration
and the other for the chem cal and physical characterization of
materials collected from bul k, underflow, and overfl ow sanpl es.
Bot h scopes of work were provided to FDEP for review and
coment. Comrents were incorporated in the scopes of work prior
to conpleting contract arrangenents. Met-Pro was awarded the
MDS hydrocycl one work and PPB Laboratories (Gainesville,
Florida) and their subcontractors were awarded the chem cal and
physi cal characterization work, including sanpling, analyses,
and reporting. Separate reports resulting fromthese contracts
were prepared. A summary video docunentation of the field
efforts conducted at Ft Myers, Florida, during Septenber 21-23,
1998, was prepared.

APPURTANENCES

Figure 2 illustrates a |l ocation map of the general study
area including the location of the two sanples collected for
testing in the closed-1oop six-inch MDS bench-top apparatus, one
at the edge of the channel, approximately three hundred feet to
the east of the intersection of Cuts 7 and 8, and the other
adj acent to the channel in Cut 8, in the basin adjacent to the
Ft. Myers County boat ranp. This is the sanme basin from which
the slurry punp dredged the material for the 12-inch MS
denonstration testing. The MDS operating area and the 30-f oot
by 80-foot retention area built by the County for storing the
slurry overflow is also indicated on Figure 2.

Prior to processing through the six-inch MDS cycl one, each
of the sanples were screened to renove shell and other particles
| arger than about 0.25 inch in dianmeter to avoid clogging the
apex (underfl ow di scharge) of the six-inch MDS. The screened
sanple was then placed in the m xing tank and m xed with basin
water to obtain an approximate 10- to 15-percent solids slurry.
This m xture was then processed in the cl osed-1oop six-inch MDS
to provide a very fine sand-sized underflow and a silt slurry

overflow. Figure 3 illustrates bulk (pre-MS processed), and
post - MDS processed underfl ow, and overfl ow sanples fromthe
basin area. Figure 4 illustrates the resulting sand underfl ow

conpared to the screened bul k sedinent fromthe channel sanple.
As illustrated, the six-inch MDS processing of Ft. Mers

sedi ment sanples results in a clean, visually attractive, sand
underflow. Based on a visual classification of this sandy
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material the produced sand underfl ow woul d be characterized as a
gley N7/0 (light gray) on the Miunsell soil color classification
system The pre-processed nmaterial would be characterized as a
gley N 4/0 (dark gray) or darker.

The barge used as the staging area for the dredging
operation adjacent to the County boat ranp area is illustrated
in Figure 5. A close up of the barge and the six-inch slurry
punp is illustrated in Figure 6. Figure 7 shows the di ked MDS
operating area with the six-inch closed-loop MDS setup in the
foreground and the 12-inch MDS setup in the background, in front
of part of the retention site dike. Figure 8 shows a close-up
of each devi ce.

In the six-inch cl osed-| oop operation, sedinents to be
processed are introduced and diluted with site water in the
m xing tank. Materials are continuously recycled in this
configuration. 1In the 12-inch MDS operation, slurry material is
punped fromthe dredging area to the screened scal pi ng devi ce,
the rai sed blue sloping device shown in Figure 8. Materi al
finer than 0.5 inch falls through the scal ping screen and is
gravity fed to the automatic level control (ALC) sunp (Figure
9). The over-sized material, generally shells and trash,
collects on the screen for |ater disposal.

Figure 9 illustrates the two interconnected conpartnents of
the ALC. The finer than 0.5-inch scal ped sedinent is introduced
to the ALC into the feed conpartnent, on the right side of the
ALC. This feed material is then punped to the MDS for
processi ng. The post-processed underflow sand is separated from
the slurry by centrifugal force and exits through the apex at
the bottom of the MDS and accunul ates on the ground. The
remai ning fine-grained low solids slurry overflowis fed back to
the ALC into the overflow conpartnent. This slurry normally
overflows the weir where it is discharged to the disposal or
retention site. If insufficient slurry volune is delivered from
the dredge to maintain the desired head in the feed conpartnent,
the low solids MDS overflow slurry can flow back fromthe ALC
overfl ow conmpartnent into the feed conpartnment through a slot in
the bottom of the connecting wall to conpensate and maintain the
necessary head to satisfy the MDS punp. In this manner, the ALC
ensures the desired head and slurry feed to the MDS.

Figure 10 illustrates a portion of the retention site
showi ng the slurry discharge fromthe 12-inch MDS overflow into
the retention site. Figure 11 illustrates the approxi mately
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four-foot high pile of beach quality sand underfl ow produced
after about four hours of processing tine.

EQUI PMENT AND SAMPLI NG LI M TATI ONS

A di scussion of equipnment and sanpling limtations is in
order before results are presented and described. A 12-inch MS
hydr ocycl one was used in the denonstration project for ease of
operation and econony of scale. A 24-inch MDS hydrocycl one
woul d be the preferred processing plant for a sand/silt split,
however, the volunmes of naterial to be processed and the
resul ting underfl ow and overfl ow vol unmes would require a much
| arger operation including a |arger punping plant and retention
di sposal site.

A larger than normal (5.0-inch instead of the normal 3.75-
inch) vortex finder (the MDS internal discharge point for the
slurry overflow) and a | ower pressure were used in the 12-inch
MDS systemto produce a split nore simlar to a 24-inch MDS
system (Met-Pro, 1998). This nodified systemwas used in an
attenpt to produce a simlar coarser grain-size distribution for
t he produced underflow naterial. A standard 12-inch MDS woul d
normal Iy make a sharp size split at around 270 to 325 nmesh (53
to 44 mcrons) instead of the desired 200 nmesh (74 microns). As
a result of these nodifications, the sharpness of separation is
adversely effected and sone plus 200 nesh fine sand woul d be
expected in the overflow It should also be noted that plus 200
nmesh shell fragnents and organic solids would also report to the
overfl ow because of shape and reduced specific gravity. The MS
separation is based on hydraulic characteristics while a
standard sieve analysis is based on nechani cal shape and size
characteristics, adding to resulting size differences, as
di scussed | ater.

Anot her primary equi prent nodification/limtation was the
type of dredge punp used to feed the MDS system A horizontal
hydraulic driven slurry punp was nodified with a water jet
mani fold attached to the bottom of the punp and was suspended
froma crane (see Figure 6). This apparatus was | owered to the
basi n bed and swung through the water colum to sinulate a
dredgi ng plant operation. This was a “conproni se dredgi ng
systent to keep project costs wthin budget limtations. This
syst em sel dom produced the desired uniformfeed and often
resulted in wide fluctuations from occasi onal surges of high
percent solids to the receiving sunp, potentially exceeding the
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capacity of the 12-inch MDS cycl one apex (underfl ow di scharge),
to sone periods of alnost clear water at other times. These

wi de swings in solids help denonstrate the flexibility of the
conbi ned ALC-MDS system As with any dredgi ng operation,

ef ficient dredge production rates require experience and
expertise in lever and feed control, all of which were |acking
at the beginning of this denonstration project. As the
denonstration continued, experience and control were inproved as
was the resulting sand production.

Afinal limtation that inpacts the denonstration results
is the non-synoptic sanpling schene foll owed. Again due to
| ogi stics and budget |imtations, sanpling was not perforned at
simlar tines so a material bal ance between the bul k, underfl ow
and overfl ow neasurenents is not possible. In addition, due to
| ogi stics, sedinent sanpling at the ALC/MDS | ocation was not
coordinated with opti mumslurry punp operation or |ocation.
Sanmpl ing may have occurred during periods of punp raising and
| owering or during periods of intensivel/extensive jetting action
resulting in anomal ous characterization of the sedi nent make- up.
As indicated in the video docunentation and di scussed above,
wi de variations and fluctuations in production were experienced
W th sonme periods of time with little to no sand underfl ow
(sinmply water and suspended sedi nents), to periods of time with
about equal anounts of underfl ow and overfl ow production, to
sonme periods of time with |ow fine-grained | oads.

RESULTS

As di scussed above, three non-synoptic sanples each of the
bul k, underfl ow, and overfl ow sanples were obtained and anal yzed
(total of nine sanples). Since these sanples were not collected
synoptically (they were collected at different periods of tine
and production rates), a material balance can not be perforned.
Results obtained fromthe physical and chem cal anal yses of the
12-inch MDS processing are provided in detail in the contractor
report (PPB, 1998). Table 1 sunmarizes the grain-size analysis
results fromthe three bulk, underflow, and overflow sanpl es
whil e Table 2 sumrari zes associated interface settling rates.
Tabl e 3 sunmari zes the associ ated chem cal analysis results.

The physical results will be examned first, followed by
the chem cal analysis results. The three bulk sanples were
collected fromthe basin adjacent to the Lee County boat ranp
of f San Carl os Avenue using a Van Veen surface sedi nent grab
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sanpler. As indicated, based on a wei ght percentage, obtained
sanpl es ranged from87.8 to 93.5 percent sand (12.2 to 9.7
percent silt) with an average of approxinately 89.5 percent sand
(10.5 percent silt). This |ow percentage of silt-sized
particl es appeared surprising based on visual assessnent of

ot her grab sanples and punped slurry observations (see

associ ated vi deo docunentation). The basin area appears to be
het er ogeneous with varying pockets of silty-sand to sandy-silt
grai n-si ze populations. As indicated in the video
docunentation, at tines the general dark black color of the
slurry confirnms areas of higher concentrations of organic-rich
silty sedinents, perhaps below the surface of the bed.

The sand underfl ow sanples were collected fromthe
resulting pile of sand under the 12-inch MDS stand (Figure 11).
Based on sanple results, the underflow naterial was found to
have an average of | ess than 3 percent fine-grained nmateri al
with the range varying from2.2 to 3.0 percent silt-sized
particles. Wth regard to the color of the underflow sand,
simlar color was obtained with the closed-1oop 6-inch MDS
processi ng of the channel sanple (Figure 4) and the 12-inch
slurry-punped basin sanple. The channel sanple was collected in
the area of the highest concentrations of silt-sized sedinents,
approxi mately 50 percent silt-sized sedinents by weight.

The overfl ow sanples, collected fromthe ALC di scharge bin,
were found to have the largest variations. The first sanple
(Sanpl e 161340) was found to contain an inpressive |ess than 10
percent sand (90.6 percent silt). The second sanple (Sanple
161341) was found to have al nost 25 percent sand (approxi mately
75 percent silt), while the final sanple was found to have
approximately a 46 percent sand and 54 percent silt content.
Thi s high sand percentage is surprising and can be expl ai ned by
several different or combination of reasons.

As expl ai ned above, the feed to the MDS fromthe slurry
punp was not uniform and occasi onal surges of high percent
solids was introduced to the receiving sunp exceedi ng the
capacity of the 12-inch MDS cycl one apex resulting in bypassing
material to the overflow discharge. A better-controlled
dredgi ng operation would provide the desired nore consi stent
feed to the MDS system Anot her explanation could be the over-
sized vortex finder and the reduced pressure in the operation of
the 12-inch MDS, both resulting in reduced sharpness of
separation. A final explanation could be the differences
bet ween the MDS separation that is based on hydraulic
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characteristics and the sieve grain-size analysis that is based
on nechani cal (size and shape) characteristics, as discussed
bel ow.

Figure 12 graphically summari zes the sedi nent grain-size
di stribution based on the nmechanical sieve analysis in terns of
the wei ght percent finer than the identified size class. As
i ndi cated, the three sand underflow sanples are quite simlar in
their grain-size distribution and overlay each other. The three
bul k sanples also indicate little scatter, with only a slightly
hi gher percentage of finer-grained sedinments than the underfl ow
sanples. The slurry overflow sanples indicate the |argest
fluctuations in their finer-grained constituents.

Figure 13 graphically sunmarizes the interface settling
rate results based on sedi nent hydraulic characteristics. These
results were obtained by m xing the same sedi nent sanple used in
the sieve analysis with water, then placing it into a 100
centineter high graduated cylinder, and the distance of the
interface between the clearer overlying water and the settled
slurry was neasured at selected tines over a 24-hour period. As
i ndi cated, each of the three sanple types were uni que and
natural |y categorized into distinct groupings (bulk, underfl ow,
and overfl ow).

The interface for the underfl ow sanples quickly reached
their final consolidation depth within about 1 m nute of
settling. The bulk sanples, containing both sand and silt
constituents settled at an internedi ate rate between the
underfl ow and overfl ow sanples. The overflow settling rates
indicated that little coarser-grained sands were included in
t hese sanples. The higher concentrations of coarser nateri al
indicated in the nmechani cal sieve anal yses are thought to be
associated with | ess dense and/or el ongated shell and organic
constituents that were nechanically characterized as coarser
sand particles but are hydraulically characterized as finer
grai ned sedi nents.

Chem cal anal yses were also perfornmed on the sanples. TCLP
(Toxicity Characteristic Leaching Procedure) |eachates from each
of the nine sedinent sanples were analyzed for the foll ow ng
nine netal s: alum num arsenic, barium cadm um chromum | ead,
selenium nercury, and silver. |In addition, the three overfl ow
sanpl es were al so anal yzed for total netals content for the
above netals. Table 3 sunmarizes the chem cal results. As
i ndi cated, all obtained sanples were orders of magnitude bel ow
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regul atory TCLP | evels. As expected, underflow sanpl es
general ly had values | ower than the bul k sanples, while the
overfl ow sanpl es denonstrated hi ghest |evels of netals, but
still well below TCLP | evels of concern.

The pre-processed bul k sanpl es and the MDS-processed
underfl ow and overflow sanples fromthe Ft. Myers Federa
navi gati on project area were found to be well bel ow regul atory
TCLP levels with the derived sand underfl ow suitable for direct
pl acement on the beach, providing desirable shoreline erosion
protection. The slurry overflow nmaterial would be suitable for
upl and di sposal into a reduced acreage di sposal site, where it
could be dewatered and then reworked, turning the site into a
nore fertile |andside area. This hybrid dredgi ng approach
provi des several enhanced benefits including desired shoreline
protection, a reduced disposal site size requirenent, and
fertile soil.

SUMVARY AND RECOVMENDATI ONS

An MDS/ hydr ocycl one denonstration project was successfully
conpl eted during 21-23 Septenber 1998 at Ft. Myers Beach,
Florida. The primary purpose of this denonstration was to
exam ne the resulting visual color, grain-size nmakeup, and
chem cal (heavy netal) quality of a 12-inch MDS produced sand
underfl ow and slurry overflow, fed by a water jet nodified
slurry punp sinulating a typical dredging plant operation. The
operation produced a visually attractive beach quality sand
underflow and a slurry overflow that were well bel ow regul atory
TCLP nmetal |evels of concern. Equipnment and sanpling
limtations inpacting results are al so di scussed.

Based on presented results, it is recomrended that a hybrid
MDS/ hydr ocycl one navi gati on channel nai ntenance dredging effort
be conducted at the upcom ng Ft. Myers Beach Federal navigation
project. Permts should be approved to allow ful
i npl enentation of this project with the obtained sand underfl ow
di scharged directly to the beach and the slurry overfl ow
di scharged to an upland di sposal site for dewatering and
eventual reworking into the disposal site. This hybrid dredging
MDS processi ng approach woul d provide multiple benefits
provi di ng needed and desirabl e beach nouri shment for shoreline
protection, a reduced acreage upland di sposal site requirenent,
and an enriched, nore fertile disposal site soil.

9
FMDSWEB2. DOC  REVI SED 07 SEPTEMBER 2000



€5 © ov 1°€S © €9 © '86 166 166 ) '00T 00T ZVET9T - 6]-86HAd
'S/ 3 T ¢S 1°18 3 86 766 3 66 ) "00T 00T TPETOT -  8/-86HANd 3
D "06 v 6 ) 06 3 26 66 ) 66 6 '66 ) "00T 00T OPET9T -  Z[-86HANd 3
7 MO143N0
244 ) "6 2T 5 TT ) 76 ) "6 186 C 66 '66 6EETOT -  9]-86HAd I
"€ ) L6 0 '€ 6°TT 626 3 °6 166 | 66 00T 8EET9T -  G|-86HAd 3
¥4 5 °L6 G T 02T ¢ 76 C 86 C 66 | 66 00T LEETOT -  ¥|-86HAN- 3
7 MOT33ANN
2T 3°/8 get ¢ee ) '96 5 66 6 '66 ) "00T 00T 9EETIT -  €[-86HAD I
6 5 °06 G 6 6 8T ) 76 ) 86 766 ) 66 "00T GEETOT -  Z|-86HANd 3
6 © 06 ) 6 zLT ) 76 6 '86 ) 66 3 66 00T VEETOT -  T[-86HAd 3 ing
5. € 52 '€ 00 2 52T 520 Q0 'T- iyd
7,000 G0T0 G20 ¢r o ¥8 0 Z L
171s aNv's 002 orT 09 o 0z 0T # 3N IS [# 21dAVED | NO VIS
INFOHAd d3N 14 INFOHAd 7

ASGYANANS S ISATNY 37 IS N VO 103 08d NO 11IVHISNONIAd SAN SH3IAN "1

‘T 378vl




FET [ 6T b 02 ¢ 22 D ¥2 G 'GE G 25 ] "89 D "9/ ) 98 G 16 O "66 3 "66 6 66 ZVETIT - 6[-86HAd 3
y T 9 02 G T2 8 €2 G 'S¢ G 9¢ ¢ ¥S 969 G 9/ [ /8 D ‘86 066 366 666 TvET9T - 8[-86HAd 3
rET ¢ 6T 0 02 0 22 0 ¥2 0 €€ 0 TS G '89 0 /L 0 "88 G L6 / 66 3 "66 6 66 OreT9T - /|-86HAd 3
(@3SS3004d -1S0d SAN ) MO193/0
6 'S GG GG GG GG GG GG G 'S GG G 'S 0 °G G 9 b 8T D "2€ 6EETIT - 9[-86HAd 3
7S v G V'S VG v G V'S VG V'S v G V'S GG 09 0 'ST 0 "0€ 8€ET9T - §[-86HAd 3
5 'S GG GG GG GG GG GG G 'S GG 9°G /G 09 0 "02 D 0¥ LEETIT - v[-86HAND 3
(@3ss300Md -1S0d SAN ) MO T443ANN
b6 70T ) 0T 0 TT GTT e €T D LT ¢ "G G or G L. G '86 D 66 3 "66 6 66 9€€T9T - €[-86HAd 3
b 6 G 0T 3 0T 0 TT 3 21 ¢ €T 0 9T G 22 G LY 0 '8/ D ‘86 G 66 366 6 66 GEET9T - ¢[-86HNd 3
58 G 6 /"6 0 0T 0 'TT [ 2T c v G 02 G '8 0 "9/ G '86 G "66 3 "66 6 66 ¥YEETIT - T|-86HAd 3
(31dAVS avd NLIS N I) MIng
AVS - #] NO ILVLS]
ovvT looe love lost lozt |09 log lsT loT s [z 0T 0 To W SN 1L NO I1d BHOS3a
WO AYWANNS FIvd ON IT113S FOVR4FIN | 103 0dd NO ILVHISNONSd SN SHIAN 14 2 31aviL




0 3°G 2 0> 3/ [ €Y ) ) '9¢ D 2¢ 000ST ¥ 9T T - 6/-86HNd 3
E 0 L'1T 2 0> ¢ L 2 617 c 0 ° 0 209 00£9T &°¢T T - 8/-86HNd 3
7 0 ) '8¢ Z 0> z ot c /9 O 0 ) ‘S 3°/G 00T6T & VT T - 1/-86HANd 3
M Aip 6/6n) SIVIIN TVIOL MOTH3ANO
E 0 D¢ L0 DT D °C G0 8T G0 89¢ SYET9T |-86HANd 3
1YW\ 3LIS
ET> z> [ 0> 0 "6 G C = 112 10T €16 ¥ 97 T - 6/-86HNd 3
5 T> > I 0> vTT 0 °¢C S €62 69 68. 52T T - 8/-86HANd 3
5 T> z> I 0> D TT 6 € ) € 162 3/ 628 G pT T - /| -86HAd -GIMO1RIINO
ET> z> I 0> v v 3¢ /T T9¢ v T AR 628 T - 9/-86HNd 3
5 T> > [ 0> 0 ¢ I'v G T 09¢ G 0> 60t 3 €8 T - G/-86HNd 3
5 1> z> I 0> /G G °G 3T ¥8¢€ G 0> 859 Z v8 T -  ¥|-86HNd -3OT1EANN
5 1> z> I 0> 6L 0 "G 3T ove v L v06 2.9 T - €/-86HNd 3
E 1> z> [ 0> D "9 Z 0T v 2 8€G /"G 0Z> 169 T - ¢/-86HNd 3
5 1> z> I 0> D '8 Wi v T v.€ /2 1ST D 0L T - T|-86HNd -3 Ming
000 ‘S D00 ‘T 002 000 ‘S )00 ‘S D00 ‘T 000 ‘00T 000 ‘S WN WN TAA3T ADLVTIO3 d1OL
JBA IS wn1us |9S AInougN  |pesT UN WO JYD|Wwn WpeDwn jJeg 9/1udsJly  Wnu wn sP 110S % |# 31dAVS NO ILV1S)]
(po10u S MJBY10 SSa |uN T/BN) AIWAANS S ISATYNY WO W3HD 10300dd NO ILVIISNONIA SN SYIAN 14 '€ 37avl




ADVANTAGE: EASILY MODIFIED
The MET-PRO Maximum Density Separator is a versatile piece M Ax I M U M
of equipment that can be easily modified in the field to meet

changing conditions in the process stream. The three critical D ENSITY

variables of any MDS can be modified as follows: S EPARATOR

UNDERFLOW
DENSITY
COMTROL LINE

@ = INLET AREA: Crass seclional areas can be
changed to modify the velocity and
capacity requirarmants by aading or
sublracting fnlet inserts, made of the same
malerial as the separator lining, af the
Dottomn of the iniet section.

INLET PRESSURE
GALIGE

= VORTEX
FINDER:
Each MET-
FRO unit
cam be | 8
modified to G
meat
changing
meads by
varying the
diameferof | = .
= the |.* e, 8
= vortax finder |+ ® | OVERFLOW
tomodify = ., PIFE
thesizgof [+ - °

Liouiz
PHASE

ORE
PHASE

FEED CHAMBER

CONE SECTION particle e
separation il
aswellas | * o

capacity. 3

@ o APEK OPENING
(UNDERFLOW): Apexas
can be constructed of
either urethane or rafrax
matarial depending on
the application. The
apex can be changed fa
meet underflow
lonnage capacity.

VACLULIM

= UNDERFLOW
REGULATOR: The
MET-PRO Maximum | 5 £
Density Separator fias o
an underfiow | °
reguiater i |
conjunction with the | * UNDERFLOW DENSITY
vacum contral REGULATOR ASSEMBLY
system estabiished by A
tha averfiow feg
which can be sel t
produce & percent
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Figure 1. Typical maximum density separator (MDS)
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Figure 2. General location map



- ¥ o a : {t" . S . B 5.
E ] i . - -y F i
‘ = H ".. T "3“..-

Figure 3. Bulk, underflow, and overfl ow sanpl es
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Figure 4. Hand conparison of underflow and bul k sanpl e
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Figure 5. Barge staging area
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Figure 6. C ose-up of barge and slurry dredge punp
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Figure 7. 6-inch and 12-inch MDS and retention dike
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Cl ose-up of 6-inch and 12-inch MDS apparat us
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Fi gure 8.
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Figure 9. Plan view of automatic |level control (ALC) sunp
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Figure 10. Overflow slurry discharge into retention site
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Figure 11. Resulting underflow sand pile
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Figure 12. Graphical grain-size distribution sumary
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Figure 13. Gaphical interface settling rate sumary
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